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Overview of Epidemiology Issues 


• EPA’s draft IRIS conclusions 
– All leukemias 


– Myeloid leukemias 


• The NRC report and its criticisms 


• Standard methods for critical review and 
synthesis of epidemiological evidence 


• Recent critical review (Checkoway, Boffetta, 
et al., 2012) 
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EPA – IRIS Conclusion: All leukemia 


 “While the epidemiologic evidence for a causal 
association between formaldehyde and all 
leukemia as a group is not at strong as for all LHP 
as a group, the repeated identification of an 
association in multiple meta-analyses taken 
together with the clear causal association between 
myeloid leukemia demonstrated by Hauptmann et 
al. (2009) and the consistent evidence reported by 
Beane Freeman et al. (2009) are sufficient to 
conclude that there is a causal association between 
formaldehyde exposure and mortality from all 
leukemia as a group.”  


Draft IRIS Review – page 4-182 
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EPA – IRIS Conclusion: Myeloid leukemia 


  “Given the consistency of the positive associations 
for formaldehyde with myeloid leukemia cancer 
mortality across five of the six studies (Hauptmann 
et al., 2009; Pinkerton at al., 2003; Hayes et al., 
1990; Stroup et al., 1986; Walrath and Fraumeni, 
1984, Walrath and Fraumeni, 1983; but not Beane 
Freeman et al., 2009), the statistically significant 
meta analysis by Zhang et al. (2009) and the 
convincing results from Hauptmann et al. (2009), 
the human epidemiologic evidence is sufficient to 
conclude that there is a causal association between 
formaldehyde exposure and mortality from 
myeloid leukemia.”  


Draft IRIS Review – page 4-184/5 
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NRC Report 


• Released in April 2011 
• Criticized Draft IRIS Report methods: 


– Lack of transparency in EPA review process 


– Failure to evaluate strengths and weaknesses 


– “Lumping” in causal conclusions of all 
lymphohematopoeitic (LHP) malignancies and 
other subsets of different cancers 


– Ignoring exposure metrics and the fact that 
exposure measurements are lacking in most of 
the epidemiology studies 
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Standard Methods for Review and 
Synthesis of Epidemiological Evidence 


• Clearly describe how literature was 
identified and selected 


• State criteria used to determine study 
quality and “weighting” of study evidence 


• Assess strengths and weaknesses of “key” 
studies 
– Address major types of bias, sample size,  


– Quality of exposure measures  


• Provide tables summarizing evidence 
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Recent Critical Review 


• Checkoway, Boffetta et al., 2012, “Critical 
review and synthesis of the epidemiologic 
evidence on formaldehyde exposure and 
risk of leukemia and other LHP 
malignancies” 


• Forest plots:  leukemias, myeloid leukemia, 
chronic lymphocytic leukemia, lymphomas 
and non-Hodgkin lymphoma  


• Lack of exposure data for most studies, 
exception:  Beane Freeman 


• The evidence as presented: 
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Conclusion: 


“At present, there is no consistent or 
strong epidemiologic evidence that 
formaldehyde is causally related to any of 
the LHM.” 
 
Checkoway, Boffetta, et al., 2012. 
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Does Formaldehyde Cause 
Nasopharyngeal Cancer (NPC)? 


• Epidemiological evidence is inconsistent   
– Does not generally support a causal connection  


– Limited to an excess of NPC cases in a single plant in the 
NCI study 


 


• The evidence as presented (Bachand, 2010): 
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Forest Plot for NPC Study Data 
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Nasopharyngeal Cancer  


• Epidemiological evidence from cohort and case-control 
studies is inconsistent.  Does not generally support a causal 
connection between formaldehyde exposure and 
nasopharyngeal cancer.  


 


• Epidemiological evidence is limited to an excess of 
nasopharyngeal cancers in one plant included in the NCI 
cohort study (Blair et al. 1986; Hauptmann et al. 2004).  


 


• Nine other plants in this cohort, two other large cohort 
studies (Coggin et al. 2003; Pinkerton et al. 2004), and 
several smaller cohort studies do provide no evidence for 
increased risk.  
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Epidemiological Basis for Causal 
Conclusions   


• With few exceptions, the epidemiological literature 
on formaldehyde exposure and leukemia risks 
consistently demonstrates 
– No statistically significant risks among exposed workers;  


– No consistent associations with various exposure metrics 


• Similarly, the epidemiological literature on NPC 
risk demonstrates little consistency and largely has 
been driven by an NPC cluster at a single facility 


• Critical review and strength of evidence evaluation 
fails to support causal associations between 
formaldehyde and these diseases 
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7 Attachments 


 
Dr. Olden – 


  


Best wishes for the new year.  I have attached a letter outlining ACC’s  request for a scientific forum on formaldehyde – as we 


discussed at our December 17 meeting.  Also attached are the various materials that we presented at the meeting.  At Jim 


Swenberg’s request, I have removed four slides from his presentation (Enclosure 4) that included data from an unpublished 


study.  We can provide that information as soon as the study is accepted for publication. 


  


My apologies for the size of this email.  Please feel free to contact me if you have any questions about the attached material. 


follow-up to December 17 formaldehyde discussion 
Risotto, Steve  
to: 
Kenneth Olden 
01/04/2013 03:51 PM 
Cc: 
John Vandenberg, David Bussard 
Hide Details  
From: "Risotto, Steve" <Steve_Risotto@americanchemistry.com> 
 
To: Kenneth Olden/DC/USEPA/US@EPA 
 
Cc: John Vandenberg/RTP/USEPA/US@EPA, David Bussard/DC/USEPA/US@EPA 
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steve_risotto@americanchemistry.com 


(202) 249-6727 (o) 
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Enclosure 1 – Summary of Topics Discussed on December 17 


 
 
Recent Publications 
 
 Enclosure 2 lists key recommendations and conclusions from the 2011 National of 
Academy of Sciences’ (NAS) review of the 2010 draft IRIS assessment, and summarizes the 
findings of a number of manuscripts that have been published since 2010.  It also lists 
manuscripts that we understand will be published in the near future, as well as relevant 
ongoing research, including: 
 


• a critical review of the available human evidence for leukemia and other 
lymphohematopoietic (LHP) malignancies by Checkoway, Boffetta et al. (2012); 


• several publications from Dr. James Swenberg’s lab regarding the production of DNA 
adducts by endogenous formaldehyde and the potential significance of these adducts to 
a risk assessment for formaldehyde; 


• a manuscript by National Cancer Institute (NCI) staff updating the nasopharyngeal 
cancer (NPC) data from NCI's ten-plant cohort study, including data for an additional 
1,000 workers who were omitted from the previous follow-up; and 


• an in-press publication from Drs. Thomas Starr and James Swenberg that makes use of 
the DNA adduct data in a new “bottom-up” approach to risk assessment that we briefly 
discussed on December 17th. 


 
Epidemiology – Leukemia & Lymphohematopoietic Malignancies 
 
 In their critical review, Checkoway, Boffetta, et al. (2012) concluded that most of the 
available studies lack credible exposure data.  Additionally, they noted the importance of 
evaluating the epidemiological literature for the individual LHP malignancies, rather than 
considering them as a group.  The two most informative studies – a cohort of employees of ten 
US factories (conducted by NCI), and a cohort of employees of six factories in the United 
Kingdom (conducted by Coggon et al. 2003)1 – found no significant excess leukemia mortality.  
Leukemia mortality was not elevated in the UK study, either among all formaldehyde workers 
or among the most highly exposed (> 2 parts per million) workers. 
 
 The most recent NCI analysis (Beane Freeman et al., 2009) reported a statistically 
significant association with “peak” formaldehyde exposure for all LHP malignancies, and 
elevated (non-significant) risks associated with “peak” exposures for all leukemias and for 


1  Coggon D et al. Extended follow-up of a cohort of British chemical workers exposed to formaldehyde. 
 J Natl Cancer Inst 95(21):1608–1615 (2003). 
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myeloid leukemia.2  However, more traditional exposure metrics (i.e., average or cumulative 
exposure) showed no clear association with any leukemia.  Overall, the epidemiological 
literature does not support a causal association either with leukemias or with myeloid 
leukemia. 
 
Mechanistic Hypotheses Related to Leukemia and Lymphoma  
 
 Hypotheses have been stated concerning possible mechanisms for the development of 
leukemia or lymphoma following human exposure to formaldehyde.  These hypotheses rely on 
the assumption that formaldehyde can enter the body, travel to distant tissues, or impact cells 
at the portal of entry which then can be transported, resulting in a direct effect either on cells 
or on tissues beyond the portal of entry.  However, recent research to test these hypotheses 
has not confirmed the existence of any of these hypothetical mechanisms, either in rats or in 
primates.  Rather, through the use of sophisticated analytical techniques necessary to evaluate 
the potential for transport of exogenous formaldehyde and to account for endogenously 
present formaldehyde, research results in both rats and non-human primates significantly 
challenge the biological plausibility of these hypotheses. 
 


Specifically, Dr. Swenberg and his associates have reported that, although DNA adducts 
resulting from inhaled formaldehyde are detected in the nasal epithelium, these exogenous 
DNA adducts are not detected in any distant tissues, including the lung, liver, spleen, white 
blood cells, and bone marrow.  Further, results from in vitro work with human nasal epithelial 
cells and lymphocytes indicate that formaldehyde that enters the nasal epithelial cells is not 
released and does not damage other cells in close proximity.  The work conducted by Dr. 
Swenberg also raises the importance of including endogenously produced formaldehyde in 
dose-response assessments of formaldehyde.  In contrast to the results for exogenous DNA 
adducts, Dr. Swenberg found formaldehyde endogenous DNA adducts in all of the tissues 
tested. 
 
Epidemiology – Nasopharyngeal Cancer (NPC)  
 
 Regarding NPC, the epidemiological evidence is inconsistent, limited to an excess of NPC 
at one plant in the NCI study.  Further investigation of the NCI data has confirmed that the 
majority (six of ten) of the NPC cases occurred at only one of the ten plants included in the 
study.  Removing this plant from the analysis showed fewer than expected NPC deaths among 
formaldehyde workers at the other nine plants (Marsh 2005).3  Subsequent analysis of data for 
this plant revealed the potential for confounding exposures of some workers due to their prior 
employment in metal-working industries.  Other studies of formaldehyde exposure and NPC 
generally do not support a causal association.  


2  Beane Freeman LE et al. Mortality from lymphohematopoietic malignancies among workers in formaldehyde 
industries: The National Cancer Institute Cohort. J Natl Cancer Inst 101(10):751–761 (2009). 


3  Marsh GM, Youk AO. Reevaluation of mortality risks for nasopharyngeal cancer in the formaldehyde cohort 
study of the National Cancer Institute.  REgul Toxicol Pharamncol 42(3):275-283 (2005). 


                                                           







- 3 - 
 


 
 NCI staff have not yet published an update of the NPC data from its ten-plant study, 
although we understand that a manuscript summarizing the updated findings has been 
submitted to a journal for publication.  That manuscript includes an additional 1,000 workers 
who were not included in the previous update, and an additional six years of mortality data.  In 
its review of the draft formaldehyde assessment, the NAS committee recognized the potential 
significance of this new analysis to the assessment.  
 








Formaldehyde Research over 32 
Years  for Carcinogenicity and Mode 


of Action and Risk Assessment 
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Formaldehyde is One of the Oldest 
Chemicals in the World 


• One-carbon pool 
• Methanol metabolism 
• Amino Acid metabolism 
• Lipid Peroxidation 
• P450 dependent  demethylation  
  (O-, N-, S-methyl) 
 


Sources of  
Endogenous 


Formaldehyde 
 
 
 
 


Formaldehyde was  
Part of the Origin of Life 







Ubiquitous Environmental Chemical  
• Global production  is >20 million      


tons/yr 


• Wide use in industrial and 
consumer products 


• Carcinogenic in rodent bioassays 


• Listed as a human carcinogen 
 NTP 2011, IARC 2006 


• Mode of Action is complex 
 Cytotoxic/cell proliferation 
 Mutagenic 
 Site of contact vs distant sites 
 Endogenously  formed in all 


cells 
 







Carcinogenesis Bioassays 
• CIIT/Battelle studies in rats and mice 


– 12 month sacrifice/interim report  
– 18 month data  published in Cancer 


Research (Swenberg ,et al 1980) 
– Final report and Cancer Research 


paper on the study (Kerns, et al. 
1983) 


• CIIT expanded the exposure range and 
mechanistic designs in a second 
bioassay published in Cancer Research 
(Monticello, et al, 1996) 


• Subsequent cancer bioassays 
– Inhalation studies 
– Oral studies 
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(Monticello, 1990)
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Tumor Incidence and Cell Proliferation in Rats 
Exposed to Formaldehyde 







Formaldehyde is very reactive with proteins and DNA, leading 
to diverse protein adducts and DNA damage.  
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Recent Molecular Mode of Action  Studies 







FA specific DNA mono-adducts 
13CD2O Exposure 


Tissue Collection 


DNA Isolation 


Reduction with 
NaCNBH3 


Digestion and 
HPLC 


Fractionation 


Nano-LC-MS/MS  
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282.2 → 
166.1 m/z 
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Swenberg et al., Toxicological Sciences, 120: S130-145, 2011 
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Non-Human Primate Study 
• 13CD2O Exposure for 2 days 


(6 hours/day) at 2 or 6 ppm 
(n=4) 


• Cynomolgus Macaque 


• Tissues (to date) 


– Nasal turbinates 


– Femoral Bone Marrow 


– Brain 


– Lung  
 
 







Adduct Numbers in Primate Nasal 
Maxilloturinbates 


Exposure 
concentrati


on 


Exogenous 
adducts/107 


dG  


Endogenous 
adducts/107 


dG  


1.9 ppm 0.25 ± 0.04 2.49 ± 0.39 


6.1 ppm 0.41 ± 0.05 2.05 ± 0.53 


n = 3 or 4 







Primate Femoral Bone Marrow 
Endogenous and Exogenous Adducts 


1.9 ppm 13CD2O 6.1 ppm 13CD2O 


312 µg 
DNA 
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Adduct Numbers in Primate Bone 
Marrow 


Exposure 
concentrati


on 


Exogenous 
adducts/107 


dG  


Endogenous 
adducts/107 


dG  


1.9 ppm nd 17.48 ± 2.61 


6.1 ppm nd 12.45 ± 3.63 


n = 4 







Epigenetic Mode of Action Studies 


• Adduction to histone lysines 
• Altered expression of miRNAs and mRNAs 


– Primate nasal mucosa, bone marrow and WBC 
– Rat tissues following 28 days of inhalation 


exposure to 2 ppm (6 hr/day, 7 days/week)  


• DNA methylation in tissues from inhalation 
exposed rats and primates 


 







• Discovered in early 1990s 
• Recognized as important biological regulators in early 2000s 


(Filipowicz, 2008) 


DNA 


miRNA 


mRNA 


Protein 


Transcription 


Translation 


Transcription 
1. Decay of target 
mRNA 


2. Translational        
repression 


3. Cleavage of newly 
translated 
polypeptides 


miRNAs regulate gene expression in three ways: 


MicroRNAs (miRNAs) are Important Epigenetic Regulators of 
Gene Expression  







Nonhuman Primate Project  
 


•  Cynomolgus macaques were exposed to 0, 2, or 
6 ppm 13CD2 formaldehyde for 6 h/day for 2 days 


•  Time-matched control macaques received clean 
air under the same conditions 


•  RNA samples were collected from the nose 
•  RNA samples were hybridized to miRNA 


microarrays to compare genome-wide miRNA 
expression profiles of formaldehyde-exposed 
versus unexposed samples 


 







Altered expression in 
nasopharyngeal cancer vs non-
cancer tissue  
(Chen 2009, Li 2011, Sengupta 2008; Wong 
2012) 
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Formaldehyde Alters the Expression Levels of 13 
miRNAs in Nose of Nonhuman Primates 


Array data were validated using miRNA-specific alternative approac  


 miR-125b and miR-142-3p 
were explored further by 
predicting their targets 
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Apoptosis (Programmed Cell Death) Signaling (p = 0.003) 


Most Significant Finding Associated Predicted 
Targets of miR-125b with Apoptosis Signaling 







21 


All Apoptosis-Related Predicted Targets of miR-125b 
were Confirmed to Have Decreased mRNA Expression 


Significantly altered expression levels in nose of rats exposed to 
formaldehyde (Andersen 2010) 


miR-125b directly targets BAK1 and decreases its expression (Shi 2007, Zhou 
2010) 







miR-125b’s Influence on Apoptosis May Lead to 
Cancer Development 
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Formaldehyde 
Exposure 


• Summary of what may occur in airway cells exposed to formaldehyde: 


miR-125b ↑ and Target Apoptosis mRNA 


Cell Death 
mRNA 


miR-125b 


Cancerous Cell 
Growing at an Uncontrolled, Increased Rate 


BAK1 
CASP


2 MAP2K
7 MCL1 


miR-125b 
miR-125b 


miR-125b 
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 Rats were exposed to 2 ppm formaldehyde (6 hours/day) for 
either 7 days, 28 days, or 28 days followed by 7 days of 
recovery 


Aim 3 Study Design: Rats were Exposed to 
Formaldehyde for Various Durations 


35 28 7 0 Day: 
7-Day Group 


28-Day Group 
28-Day Plus Recovery Group 


2 ppm formaldehyde 0 ppm formaldehyde 


21 14 
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 Immediately after exposure, RNAs were collected and 
stabilized from three tissues: 


Aim 3 Study Design: Samples Collected from the 
Nose, White Blood Cells (WBCs), and Bone 
Marrow (BM) 


Nasal 
Epithelium 


Bone 
Marrow 


White Blood 
Cells 







Ongoing and Future Studies 
• New Mass Spectrometer is being purchased 


• In addition to the epigenetic studies on rats exposed to 2 ppm for up 
to 28 days, we will evaluate 


– Hemoglobin adducts 


– Formyl-lysine formation 


– DNA protein cross-links 


– DNA methylation 


• Human mononuclear WBC and CD 34+ cells to establish 
endogenous adduct amounts. 


• Human bone marrow to compare with monkey data. 


• Human nasal turbinates to establish endogenous adduct amounts. 


• A second primate study to examine epigenetic, DNA adduct and 
DNA-protein cross-links in mononuclear WBC and numerous tissues 
in monkeys exposed to [13CD2]-formaldehyde and air sham 
exposures in greater numbers of animals. 







Mutations Are Biomarkers of Effect, but 
They Do Not Go Through Zero 


• In contrast to most DNA adducts, mutations do not go 
through zero.  


• Rather, they reach a background level that reflects the 
summation of mutations arising from endogenous DNA 
damage and repair that occurs in cells. 


• The dose-response may be linear or nonlinear. 
• There may be an inflection point for a dose response curve 


where the number of mutations increases nonlinearly above 
the spontaneous level, or there may be a linear increase with 
data points that are not significantly different from controls at 
lower doses. 


• The point at which the mutations increase is where the 
exogenous DNA damage starts driving the biology that results 
in additional mutations. 
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A Novel Bottom-Up Approach to  
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Endogenous Chemicals: 
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Bottom-Up Approach Features 
• Upper bound on lifetime cancer risks without using high 


dose data from animal bioassays or epidemiology studies 
 
• Suitable for chemicals present in the body as a result of 


normal endogenous processes, e.g., metabolism 
 
• Conservative: 


  Allows for the possibility of linearity at low doses 
  All background risk is attributed to  
       background, i.e., endogenous, exposure 
  Upper 95% confidence bound risk estimates are 


      derived for steady-state exogenous exposure 
  
• Provides a completely independent “reality check” on 


 risk extrapolations from high-dose tumor data 
 







Bottom-Up Approach Elements 







N2-hydroxymethyl-dG Adducts in Monkeys 
Exposed Twice for 6 hrs to 2 ppm CH2O 







Comparison of Bottom-Up and Top-Down  
Upper Bound Risk Estimates for Formaldehyde 


NPC Riskb-u  = 3.44 x 10-4 x  (2.21 / 2) = 0.038 x 10-2  
 


LEU Riskb-u  < 0.85 x 10-3 x (0.00912 / 2) = 3.9 x 10-6  
 


    







Formaldehyde Summary 
 
• NPC:  the bottom-up UCL95 risk estimate is 29.8-fold   


 lower than EPA’s top-down estimate of 1.1% 


 


• LEU:  based on the detection limit for DNA adducts,  


 the bottom-up UCL95 risk estimate is 14,615-fold  


 lower than EPA’s top-down estimate of 5.7%  


 


• These large discrepancies, and a similar result for HL,  


 suggest that the EPA estimates are overly conservative 


 


 







Advantages of the Bottom-Up Approach 


• Uses background cancer risk in humans 
 
• Uses background (endogenous) adduct concentrations  
  in humans, if available.  Otherwise, uses animal data  
  and reasonable equivalence assumptions 
 
• Is conservative: 
  Linear at low doses (consistent with additivity) 


 All background risk attributed to endogenous adducts 
 Provides an upper bound on low-dose slope 
 


• Produces a completely independent “reality check” on  
  risk extrapolations from high-dose tumor data 
 







Some Criteria for Use in Risk Assessment 


• Specific target sites in humans (epidemiology studies) 
 
• Valid biomarkers of  target site exposure that are plausibly  
  correlated with cancer (not all DNA adducts are equal) 
 
• High precision/accuracy measurements that can  


 distinguish between endogenous / exogenous  
 sources at very low exogenous exposure levels  
 


• Use of conservative assumptions to fill data gaps 
 


• Compare/contrast with results from top-down approaches  
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National Research Council (NRC) Review 


Principal Recommendations: 


• Clarity of presentation of evidence.  


• Clear criteria in drawing ultimate conclusions from 
the evidence.   


• Recommendations apply to all endpoints.   


• Regarding leukemia, the NRC emphasized that the 
draft assessment. . .  


 
“did not provide a clear framework for causal determinations.  
As a result, the conclusions appear to be based on a subjective 
view of the overall data, and …is particularly problematic 
given the inconsistencies in the epidemiological data, the weak 
animal data, and the lack of mechanistic data.” 
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National Research Council (NRC) Review 


Principal Recommendations (continued): 


• The draft does not consider the implications of 
more recent research pertaining to the importance 
of endogenous formaldehyde, toxicokinetics, and 
mode of action:   
 


We suggest that a review of the evidence in a manner that 
is consistent with these and other NRC recommendations 
will lead to conclusions that consider the best science 
available.   


 


The focus of the meeting today is to present a 
summary of the science supporting this conclusion.  
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Industry Supported Research 


• Intended to fill critical data gaps and improve the 
scientific basis for formaldehyde hazard and risk 
assessment. 


• In response to NRC recommendations concerning 
leukemia and nasopharyngeal cancer, literature 
reviews and new research have been conducted in: 
– Epidemiology 


– Toxicokinetics and mode of action predictive model 
development   


– The role of endogenous production of formaldehyde 


Results and their importance will be summarized today 
by some of the Principal Investigators, with a report of 
these activities provided. 
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Scientific Issues 


• Epidemiology – Dr. Kenneth Mundt 
– What does a systematic review and weighing of all the 


available evidence, using generally accepted 
epidemiological criteria, tell us about leukemia and other 
LHP causation ? NPC causation?        


• Mode of Action/Low Dose Cancer Risk –    
Drs. James Swenberg and Thomas Starr 
– What does the available evidence tell us about the 


plausibility of causal relationships and about likely low-dose 
risks? 


DISCUSSION: What are possible approaches to resolving 
the stark differences in interpretation of the scientific 
evidence on these matters between our experts and those 
found in the EPA draft Iris document? 
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Weight-of-Evidence Approach Proposed 


In keeping with the recommendations from the NRC, a true 
weight-of-evidence approach for hazard evaluation requires: 


1. All studies that relate to the question of whether 
formaldehyde can cause a specific hazard (e.g., leukemia) 
should be evaluated to determine the strength of the 
conclusions that can be drawn from them individually.  
These include epidemiology, toxicology, toxicokinetics, and 
mode-of-action studies.  


2. Completely transparent and well accepted criteria should be 
applied to evaluations of the entire body of epidemiological 
and toxicological evidence in order to reach conclusions and 
to elaborate on associated scientific uncertainties.  The 
reasoning leading to these conclusions should be clear.   
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Weight-of-Evidence Approach Proposed 
(cont’d) 


3. A well reasoned framework should be used to integrate the 
conclusions from the epidemiological and toxicological 
assessments, with full elaboration of the reasoning applied.  
This ensures that conclusions about causation have been 
based on full consideration and appropriate weighing of all 
relevant data.   


4. The same weight-of-evidence evaluation can be applied to 
data related to dose-response relationships. 


5. The evidence to be presented today have been evaluated in 
the above manner.  We believe this is completely consistent 
with the recommendations from the NRC.   
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Epidemiological Basis for Causal 
Conclusions   


• With few exceptions, the epidemiological literature 
on formaldehyde exposure and leukemia risks 
consistently demonstrates 
– No statistically significant risks among exposed workers;  


– No consistent associations with various exposure metrics 


• Similarly, the epidemiological literature on NPC 
risk demonstrates little consistency and largely has 
been driven by an NPC cluster at a single facility 


• Critical review and strength of evidence evaluation 
fails to support causal associations between 
formaldehyde and these diseases 
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Formaldehyde Science – Response to 2011 NAS Recommendations  


Epidemiology – Leukemia 
 


NAS Recommendation/ 
Conclusion 
 


 Reliance on the peak-exposure metric [in the NCI cohort study) to determine causality in that study rather than 
the more conventional dose metric of cumulative exposure should be further justified, particularly in the absence 
of established modes of action.  (page 83) 


 There is a noticeable lack of evidence of a causal relationship of formaldehyde exposure and Hodgkin lymphoma 
or leukemia.  (page 100) 


New Publications 
 


Neuss et al. 2010 “Exposure of human nasal epithelial cells to formaldehyde does not lead to DSNA damage 
in lymphocytes after co-cultivation” 


 Results of in vitro tests do not support a recently proposed hypothetic mechanism for 
formaldehyde induced leukemia by damaging circulating hematopoietic stem cells or 
hematopoietic progenitor cells in nasal passages, which then travel to the bone 
marrow and become initiated leukemic stem cells.  


Speit et al. 2010 “Occupational exposure to formaldehyde, hematotoxicity and leukemia-specific  
chromosome changes in cultured myeloid progenitor cells” — Letter to the Editor 


 Outlines the shortcomings of the Zhang 2010 study. 


Speit et al. 2011 “Does formaldehyde induce aneuploidy?” 


 Results confirm the clastogenicity of formaldehyde in cultured mammalian cells but 
exclude a significant aneugenic activity. 


Checkoway et al. 2012 “Critical review and synthesis of the epidemiologic evidence on formaldehyde exposure 
and risk of leukemia and other LHP malignancies” 


 At present, there is no consistent or strong epidemiologic evidence that formaldehyde 
is causally related to any of the LHM. 


 The absence of established toxicological mechanisms further weakens any arguments 
for causation. 


In Press Gentry et al  “Formaldehyde exposure and leukemia: reevaluation of the results from a study that is the 
regulatory focus for evidence of biological plausibility” 


 The assays used (CFU-GM) do not actually measure the proposed events in primitive 
cells involved in the development of AML 


 Evaluation of the available data indicates that the aneuploidy measured could not have 
arisen in vivo, but rather arose during in vitro culture 


Pending Research Coggan et al  Update of cohort of British formaldehyde workers 







Epidemiology – Nasal Cancers 
 


NAS Recommendation/ 
Conclusion 
 


 However, the fact that seven of nine NPC deaths occurred in the Wallingford, Connecticut, factory in the NCI 
cohort is intriguing.  (page 100) 


 Given the importance of the NCI study to the formaldehyde assessment, EPA should make an effort to update its 
assessment once the NCI study findings on NPC become available.  (page 64) 


New Publications Speit et al. 2011 “Analysis of micronuclei, histopathological changes and cell proliferation in nasal 
epithelium cells of rats after exposure to formaldehyde by inhalation” 


 Study demonstrates local cytotoxic effects in the nose of rats after inhalation of 
formaldehyde;  


 Induction of micronuclei in the nasal epithelium as an indicator of a mutagenic effect 
was not seen. 


Zeller J. et al. 2011 “Assessment of genotoxic effects and changes in gene expression in humans exposed to 
formaldehyde by inhalation under controlled conditions” 


 Human inhalation study did not lead to genotoxic effects in peripheral blood cells and 
nasal mucosa 


 No effect on the expression of the FDH gene 


 Did not cause alterations in the expression of genes in a microarray analysis with nasal 
biopsies and peripheral blood cells.  


Zeller J et al. 2011 “Is individual nasal sensitivity related to cellular metabolism of formaldehyde and 
susceptibility towards formaldehyde-induced genotoxicity?” 


 In this human study, there was no close correlation between the various indicators of 
cellular sensitivity towards formaldehyde induces genotoxic effects and no subgroups 
were identified with particular mutagen sensitivity towards formaldehyde.  


In Press Beane-Freeman et al. 
 


“Mortality from solid tumors among workers in formaldehyde workers: an update of the 
NCI cohort” 


 Analysis includes 1,006 deaths that occurred from 1980 to 1994, but were not 
identified in previous analyses of the cohort 


 10 additional years of follow-up  and deaths (1994-2004)from previous published 
reports 


  







Mode of Action/Biological Plausibility 
 


NAS Recommendation/ 
Conclusion 


 The committee concludes that the issue of whether inhaled formaldehyde can reach the systemic circulation is 
extremely important in assessing any risk of adverse outcomes at nonrespiratory sites associated with inhalation 
of formaldehyde  (page 27) 


 The mode of action for formaldehyde-induced Hodgkin lymphoma and leukemia has not been clearly established.  
Moreover, the highly limited systemic delivery of formaldehyde draws into question the biologic feasibility of 
causality between formaldehyde exposure and the two cancers.  Thus, substantial uncertainties in using Hodgkin 
lymphoma and leukemia for consensus cancer risk estimation remain.  (page 107) 


New Publications 


 


Lu et al. 2010 “Distribution of DNA adducts caused by inhaled formaldehyde is consistent with induction 
of nasal carcinoma but not leukemia” 


 Methodology can distinguish between endogenous and exogenous (inhaled) 
formaldehyde 


 Exogenous FA adducts and crosslinks were found in rate respiratory nasal mucosa, but 
did not form in sites remote to the point of entry 


 Strong evidence for a genotoxic and cytotoxic MOA for carcinogenesis in nasal 


Neuss et al. 2010 “Inhalation of formaldehyde does not induce genotoxic effects in broncho-alveolar lavage 
(BAL) cells of rats” 


 Animal inhalation study results question the biological significance of previously 
reported genotoxic effects in the lung of rats after formaldehyde inhalation. 


Just et al. 2011 “Genetic polymorphisms in the formaldehyde dehydrogenase gene and their biological 
significance” 


 Study did not identify biologically relevant polymorphisms in transcribed regions of the 
FDH gene, which may lead to inter-individual differences in the metabolic inactivation 
of formaldehyde. 


Lu et al. 2011 “Molecular dosimetry of N2-hydroxymethyl-dG DNA adduct in rats exposed to 
formaldehyde” 


 Demonstrated that formaldehyde induces exogenous DNA adducts in a highly 
nonlinear fashion. 


 Examination of the ratio of exogenous versus endogenous formaldehyde DNA adducts 
clearly demonstrates that endogenous DNA adducts predominate at low ppm doses 
and that ppb exposures contribute miniscule amounts of exogenous DNA adducts. 


 The data generated in this study provide new scientific evidence for the assessment of 
risk resulting from formaldehyde exposure through inhalation. 


  







Mode of Action/Biological Plausibility (continued) 
 


New Publications 
Moeller et al. 2011 “Determination on N2-hydroxymethyl-dG adducts in nasal epithelium and bone marrow of 


non-human primates following 13CD2-formaldehyde inhalation exposure” 


 The presence of endogenous and exogenous N2-hydroxymethyl-dG adducts in DNA 
from nasal mucosa and bone marrow of cynomolgus macaques exposed to 1.9 and 6.1 
ppm of [13CD2]-formaldehyde for 6 hours a day for 2 consecutive days was 
investigated. 


 Both exogenous and endogenous adducts were readily detected and quantified in the 
nasal tissues of both exposure groups, with an exposure dependent increase in 
exogenous adducts observed. 


 In contrast, only endogenous adducts were detectable in the bone marrow, even 
though ~10 times more DNA was analyzed. 


Swenberg et al. 2011 “Endogenous versus exogenous DNA adducts: their role in carcinogenesis, epidemiology, 
and risk assessment” 


 The fact that formaldehyde is present in every living cell cannot be ignored when 
conducting a cancer risk assessment for inhaled formaldehyde. 


 Now that the relationship between the number of exogenous DNA adducts derived 
from the inhaled formaldehyde exposure and the number of endogenous adducts 
present in bone marrow is known, we have to seriously question the biological 
plausibility that inhaled formaldehyde causes LEU and HL, and start asking much more 
probing questions about the epidemiology data. 


 Less than one exogenous DNA adduct was present for every 13,900 endogenous 
formaldehyde adducts. It is difficult to conceive of a mechanism by which 1/13,900 
identical DNA adducts could drive the biology that leads to carcinogenesis. 


Kuehner et al. 2012. “Analysis of leukemia-specific aneuploidies in cultured myeloid progenitor cells in the 
absence and presence of formaldehyde exposure”  


 Our results do not support the assumption of a specific effect of FA on myeloid 
progenitor cells as a potential mechanism for the induction of leukemia. 


Swenberg et al. 2012 “Formaldehyde carcinogenicity research: 30 years and counting for mode of action, 
epidemiology, and cancer risk assessment” 


 Our knowledge regarding the MOA of FA-induced carcinogenesis is much greater 


 Most of this knowledge has not been applied in recent assessments of formaldehyde 
risk 


  







Mode of Action/Biological Plausibility (continued) 
 


New Publications 
Zeller et al. 2012 “Investigation of potential susceptibility to formaldehyde genotoxicity”  


 None of the study groups showed particular mutagen sensitivity toward FA-induced 
genotoxicity. 


 These results suggest that a low scaling factor to address possible human inter-
individual differences in FA-induced genotoxicity could be reasonable. 


Kleinnijenhuis et al. 
2013 


“The determination of exogenous formaldehyde in blood of rats during and after inhalation 
exposure” 


 Animal inhalation study concluded that the inhalation of 13C–FA at 10ppm for 6h did 
not result in an increase of the total FA concentration in blood. 


In Press 
Swenberg et al. “Characterization of endogenous versus exogenous DNA adducts following inhalation 


exposure to formaldehyde in rats and non-human primates”  
 


Pending Research 
Swenberg et al. 28-day rodent study – determination of steady state concentrations of DNA adducts  


Use of Predictive Models and Other Approaches 
 


NAS Recommendation/ 
Conclusion 


 EPA is encouraged to consider the use of alternative extrapolation models for the analysis of the cancer data; this 
is especially important given the use of a single study, the inconsistencies in the exposure measures, and the 
uncertainties associated with the selected cancers.  (page 10) 


 The committee recommends that EPA provide alternative calculations that factor in nonlinearities associated with 
the cytotoxicity compensatory cell proliferation mode of action and assess the strengths and weaknesses of each 
approach.(page 44) 


 The committee recommends that for completeness and transparency the BBDR models published by Conolly et al. 
(2003, 2004), with the flaw in one numeric approach identified by EPA corrected, be used in the draft IRIS 
assessment and that the results be compared with those of the approach that was used in the draft assessment.  
(page 44) 


In Press Schroeter et al. “Nasal dosimetry prediction of inhaled formaldehyde incorporating endogenous 
formaldehyde levels” 


Starr & Swenberg “A novel bottom-up approach to carcinogenic risk assessment for endogenous chemicals” 


 Simple linear approach that capitalizes on new molecular dosimetry to estimate upper 
bound NPC and leukemia risks. 


 Extrapolation upward from background (endogenous) exposures and background risks 


 Comparison shows EPA risk estimates from epidemiologic data to be disturbingly high 


  







Endogenous Formaldehyde 


NAS Recommendation/ 
Conclusion 


 The committee emphasizes that the natural presence of various concentrations of formaldehyde in target 
tissues remains an important uncertainty with regard to assessment of the additional dose received by 
inhalation.  (page 23) 


 


New Publications Reiss et al. 2010 “Experimental setup and analytical methods for the non-invasive determination of volatile 
organic compounds, formaldehyde and NOx in exhaled human breath” 


 Due to rapid conversion of formaldehyde with a half-life of about 1 minute in blood 
and the large Henry constant . . . high levels of formaldehyde cannot be expected in 
exhaled breath. 


 Concentrations in the lower ppb range seem to be realistic in dependence of nutrition 
and health status. 


Salthammer et al. 2011 Formaldehyde in the indoor environment 


 Formaldehyde in breath = 1.2-72.7 ppb; median = 4.3 ppb (deep lung portion) 
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1 Attachment 


 
John and David – 
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list of recent studies 
Risotto, Steve  
to: 
John Vandenberg, David Bussard 
12/18/2012 02:12 PM 
Cc: 
"jrodricks@environcorp.com", "'Ken Mundt' (kmundt@environcorp.com)", "Starr, Tom", 
"jswenber@email.unc.edu", "Urschel, Richard G.", "Gruenwald, Mark", "Piper, John T.", "Dunlap, David 
D.", "Bankoff, Barbara", "Grizzle, Charlie", "Stewart Holm (seholm2244@gmail.com)", "Mason, Ann" 
Hide Details  
From: "Risotto, Steve" <Steve_Risotto@americanchemistry.com> Sort List... 
 
To: John Vandenberg/RTP/USEPA/US@EPA, David Bussard/DC/USEPA/US@EPA 
 
Cc: "jrodricks@environcorp.com" <jrodricks@environcorp.com>, "'Ken 
Mundt' (kmundt@environcorp.com)" <kmundt@environcorp.com>, "Starr, Tom" 
<tbstarr@mindspring.com>, "jswenber@email.unc.edu" <jswenber@email.unc.edu>, "Urschel, Richard G." 
<RGUrsche@GAPAC.com>, "Gruenwald, Mark" <mark.gruenwald@momentive.com>, "Piper, John T." 
<john.piper@celanese.com>, "Dunlap, David D." <David.Dunlap@kochps.com>, "Bankoff, Barbara" 
<babankoff@gmail.com>, "Grizzle, Charlie" <grizzle@grizzleco.com>, "Stewart Holm 
(seholm2244@gmail.com)" <seholm2244@gmail.com>, "Mason, Ann" 
<Ann_Mason@americanchemistry.com> 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
History: This message has been replied to and forwarded. 
 
 
 


 
Industry Response to 2011 NAS Recommendations.docx


Page 1 of 2


2/4/2013file://C:\Documents and Settings\dbussard.AA\Local Settings\Temp\notesFCBCEE\~web9313.htm







Thanks again for the discussion.  Have a great holiday. 


  


Steve 


Steve Risotto 


steve_risotto@americanchemistry.com 


(202) 249-6727 (o) 


(571) 255-0381 (m) 
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individual named. If you are not the named addressee do not disseminate, distribute or copy this email. Please notify the 
sender immediately by email if you have received this email by mistake and delete this email from your system. E-mail 
transmission cannot be guaranteed to be secure or error-free as information could be intercepted, corrupted, lost, 
destroyed, arrive late or incomplete, or contain viruses. The sender therefore does not accept liability for any errors or 
omissions in the contents of this message which arise as a result of email transmission. American Chemistry Council, 
700 – 2nd Street NE, Washington, DC 20002, www.americanchemistry.com 
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[bookmark: _GoBack]Formaldehyde Science – Response to 2011 NAS Recommendations 

		Epidemiology – Leukemia





		NAS Recommendation/

Conclusion



		· Reliance on the peak-exposure metric [in the NCI cohort study) to determine causality in that study rather than the more conventional dose metric of cumulative exposure should be further justified, particularly in the absence of established modes of action.  (page 83)

· There is a noticeable lack of evidence of a causal relationship of formaldehyde exposure and Hodgkin lymphoma or leukemia.  (page 100)



		New Publications



		Neuss et al. 2010

		“Exposure of human nasal epithelial cells to formaldehyde does not lead to DSNA damage in lymphocytes after co-cultivation”

· Results of in vitro tests do not support a recently proposed hypothetic mechanism for formaldehyde induced leukemia by damaging circulating hematopoietic stem cells or hematopoietic progenitor cells in nasal passages, which then travel to the bone marrow and become initiated leukemic stem cells. 



		

		Speit et al. 2010

		“Occupational exposure to formaldehyde, hematotoxicity and leukemia-specific  chromosome changes in cultured myeloid progenitor cells” — Letter to the Editor

· Outlines the shortcomings of the Zhang 2010 study.



		

		Speit et al. 2011

		“Does formaldehyde induce aneuploidy?”

· Results confirm the clastogenicity of formaldehyde in cultured mammalian cells but exclude a significant aneugenic activity.



		

		Checkoway et al. 2012

		“Critical review and synthesis of the epidemiologic evidence on formaldehyde exposure and risk of leukemia and other LHP malignancies”

· At present, there is no consistent or strong epidemiologic evidence that formaldehyde is causally related to any of the LHM.

· The absence of established toxicological mechanisms further weakens any arguments for causation.



		In Press

		Gentry et al 

		“Formaldehyde exposure and leukemia: reevaluation of the results from a study that is the regulatory focus for evidence of biological plausibility”

· The assays used (CFU-GM) do not actually measure the proposed events in primitive cells involved in the development of AML

· Evaluation of the available data indicates that the aneuploidy measured could not have arisen in vivo, but rather arose during in vitro culture



		Pending Research

		Coggan et al 

		Update of cohort of British formaldehyde workers



		Epidemiology – Nasal Cancers





		NAS Recommendation/

Conclusion



		· However, the fact that seven of nine NPC deaths occurred in the Wallingford, Connecticut, factory in the NCI cohort is intriguing.  (page 100)

· Given the importance of the NCI study to the formaldehyde assessment, EPA should make an effort to update its assessment once the NCI study findings on NPC become available.  (page 64)



		New Publications

		Speit et al. 2011

		“Analysis of micronuclei, histopathological changes and cell proliferation in nasal epithelium cells of rats after exposure to formaldehyde by inhalation”

· Study demonstrates local cytotoxic effects in the nose of rats after inhalation of formaldehyde; 

· Induction of micronuclei in the nasal epithelium as an indicator of a mutagenic effect was not seen.



		

		Zeller J. et al. 2011

		“Assessment of genotoxic effects and changes in gene expression in humans exposed to formaldehyde by inhalation under controlled conditions”

· Human inhalation study did not lead to genotoxic effects in peripheral blood cells and nasal mucosa

· No effect on the expression of the FDH gene

· Did not cause alterations in the expression of genes in a microarray analysis with nasal biopsies and peripheral blood cells. 



		

		Zeller J et al. 2011

		“Is individual nasal sensitivity related to cellular metabolism of formaldehyde and susceptibility towards formaldehyde-induced genotoxicity?”

· In this human study, there was no close correlation between the various indicators of cellular sensitivity towards formaldehyde induces genotoxic effects and no subgroups were identified with particular mutagen sensitivity towards formaldehyde. 



		In Press

		Beane-Freeman et al.



		“Mortality from solid tumors among workers in formaldehyde workers: an update of the NCI cohort”

· Analysis includes 1,006 deaths that occurred from 1980 to 1994, but were not identified in previous analyses of the cohort

· 10 additional years of follow-up  and deaths (1994-2004)from previous published reports








		Mode of Action/Biological Plausibility





		NAS Recommendation/

Conclusion

		· The committee concludes that the issue of whether inhaled formaldehyde can reach the systemic circulation is extremely important in assessing any risk of adverse outcomes at nonrespiratory sites associated with inhalation of formaldehyde  (page 27)

· The mode of action for formaldehyde-induced Hodgkin lymphoma and leukemia has not been clearly established.  Moreover, the highly limited systemic delivery of formaldehyde draws into question the biologic feasibility of causality between formaldehyde exposure and the two cancers.  Thus, substantial uncertainties in using Hodgkin lymphoma and leukemia for consensus cancer risk estimation remain.  (page 107)



		New Publications



		Lu et al. 2010

		“Distribution of DNA adducts caused by inhaled formaldehyde is consistent with induction of nasal carcinoma but not leukemia”

· Methodology can distinguish between endogenous and exogenous (inhaled) formaldehyde

· Exogenous FA adducts and crosslinks were found in rate respiratory nasal mucosa, but did not form in sites remote to the point of entry

· Strong evidence for a genotoxic and cytotoxic MOA for carcinogenesis in nasal



		

		Neuss et al. 2010

		“Inhalation of formaldehyde does not induce genotoxic effects in broncho-alveolar lavage (BAL) cells of rats”

· Animal inhalation study results question the biological significance of previously reported genotoxic effects in the lung of rats after formaldehyde inhalation.



		

		Just et al. 2011

		“Genetic polymorphisms in the formaldehyde dehydrogenase gene and their biological significance”

· Study did not identify biologically relevant polymorphisms in transcribed regions of the FDH gene, which may lead to inter-individual differences in the metabolic inactivation of formaldehyde.



		

		Lu et al. 2011

		“Molecular dosimetry of N2-hydroxymethyl-dG DNA adduct in rats exposed to formaldehyde”

· Demonstrated that formaldehyde induces exogenous DNA adducts in a highly nonlinear fashion.

· Examination of the ratio of exogenous versus endogenous formaldehyde DNA adducts clearly demonstrates that endogenous DNA adducts predominate at low ppm doses and that ppb exposures contribute miniscule amounts of exogenous DNA adducts.

· The data generated in this study provide new scientific evidence for the assessment of risk resulting from formaldehyde exposure through inhalation.








		Mode of Action/Biological Plausibility (continued)





		New Publications

		Moeller et al. 2011

		“Determination on N2-hydroxymethyl-dG adducts in nasal epithelium and bone marrow of non-human primates following 13CD2-formaldehyde inhalation exposure”

· The presence of endogenous and exogenous N2-hydroxymethyl-dG adducts in DNA from nasal mucosa and bone marrow of cynomolgus macaques exposed to 1.9 and 6.1 ppm of [13CD2]-formaldehyde for 6 hours a day for 2 consecutive days was investigated.

· Both exogenous and endogenous adducts were readily detected and quantified in the nasal tissues of both exposure groups, with an exposure dependent increase in exogenous adducts observed.

· In contrast, only endogenous adducts were detectable in the bone marrow, even though ~10 times more DNA was analyzed.



		

		Swenberg et al. 2011

		“Endogenous versus exogenous DNA adducts: their role in carcinogenesis, epidemiology, and risk assessment”

· The fact that formaldehyde is present in every living cell cannot be ignored when conducting a cancer risk assessment for inhaled formaldehyde.

· Now that the relationship between the number of exogenous DNA adducts derived from the inhaled formaldehyde exposure and the number of endogenous adducts present in bone marrow is known, we have to seriously question the biological plausibility that inhaled formaldehyde causes LEU and HL, and start asking much more probing questions about the epidemiology data.

· Less than one exogenous DNA adduct was present for every 13,900 endogenous formaldehyde adducts. It is difficult to conceive of a mechanism by which 1/13,900 identical DNA adducts could drive the biology that leads to carcinogenesis.



		

		Kuehner et al. 2012.

		“Analysis of leukemia-specific aneuploidies in cultured myeloid progenitor cells in the absence and presence of formaldehyde exposure” 

· Our results do not support the assumption of a specific effect of FA on myeloid progenitor cells as a potential mechanism for the induction of leukemia.



		

		Swenberg et al. 2012

		“Formaldehyde carcinogenicity research: 30 years and counting for mode of action, epidemiology, and cancer risk assessment”

· Our knowledge regarding the MOA of FA-induced carcinogenesis is much greater

· Most of this knowledge has not been applied in recent assessments of formaldehyde risk








		Mode of Action/Biological Plausibility (continued)





		New Publications

		Zeller et al. 2012

		“Investigation of potential susceptibility to formaldehyde genotoxicity” 

· None of the study groups showed particular mutagen sensitivity toward FA-induced genotoxicity.

· These results suggest that a low scaling factor to address possible human inter-individual differences in FA-induced genotoxicity could be reasonable.



		

		Kleinnijenhuis et al. 2013

		“The determination of exogenous formaldehyde in blood of rats during and after inhalation exposure”

· Animal inhalation study concluded that the inhalation of 13C–FA at 10ppm for 6h did not result in an increase of the total FA concentration in blood.



		In Press

		Swenberg et al.

		“Characterization of endogenous versus exogenous DNA adducts following inhalation exposure to formaldehyde in rats and non-human primates” 





		Pending Research

		Swenberg et al.

		28-day rodent study – determination of steady state concentrations of DNA adducts 



		Use of Predictive Models and Other Approaches





		NAS Recommendation/

Conclusion

		· EPA is encouraged to consider the use of alternative extrapolation models for the analysis of the cancer data; this is especially important given the use of a single study, the inconsistencies in the exposure measures, and the uncertainties associated with the selected cancers.  (page 10)

· The committee recommends that EPA provide alternative calculations that factor in nonlinearities associated with the cytotoxicity compensatory cell proliferation mode of action and assess the strengths and weaknesses of each approach.(page 44)

· The committee recommends that for completeness and transparency the BBDR models published by Conolly et al. (2003, 2004), with the flaw in one numeric approach identified by EPA corrected, be used in the draft IRIS assessment and that the results be compared with those of the approach that was used in the draft assessment.  (page 44)



		In Press

		Schroeter et al.

		“Nasal dosimetry prediction of inhaled formaldehyde incorporating endogenous formaldehyde levels”



		

		Starr & Swenberg

		“A novel bottom-up approach to carcinogenic risk assessment for endogenous chemicals”

· Simple linear approach that capitalizes on new molecular dosimetry to estimate upper bound NPC and leukemia risks.

· Extrapolation upward from background (endogenous) exposures and background risks

· Comparison shows EPA risk estimates from epidemiologic data to be disturbingly high








		Endogenous Formaldehyde



		NAS Recommendation/

Conclusion

		· The committee emphasizes that the natural presence of various concentrations of formaldehyde in target tissues remains an important uncertainty with regard to assessment of the additional dose received by inhalation.  (page 23)





		New Publications

		Reiss et al. 2010

		“Experimental setup and analytical methods for the non-invasive determination of volatile organic compounds, formaldehyde and NOx in exhaled human breath”

· Due to rapid conversion of formaldehyde with a half-life of about 1 minute in blood and the large Henry constant . . . high levels of formaldehyde cannot be expected in exhaled breath.

· Concentrations in the lower ppb range seem to be realistic in dependence of nutrition and health status.



		

		Salthammer et al. 2011

		Formaldehyde in the indoor environment

· Formaldehyde in breath = 1.2-72.7 ppb; median = 4.3 ppb (deep lung portion)
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Meeting on formaldehyde with ACC December 17, 2012

Scientific topics for discussion: provided by ACC in letter 11/21/2012	



This paper provides some background information pertaining to the four topics for discussion proposed by ACC for the December 17th meeting.	ACC writes that they would like to discuss their positions on the following four issues:



1) Critical review and synthesis of the epidemiological evidence – with specific attention to the distinct malignancies that comprise the heterogeneous group known as lymphohematopoietic cancers.



· Per the recommendation of the NAS review committee, EPA is focusing its analysis on the most specific diagnoses available in the epidemiologic data in revising the draft assessment for both the several respiratory cancers as well as the several lymphohematopoietic cancers.

· The NAS recommended caution on EPA’s part in using meta-analyses performed by others (p. 112).  In heeding this advice, we expect to be cautious about interpreting or putting significant weight on conclusions reached by others from meta-analyses and reviews.  However, significant reviews and meta-analyses will be acknowledged in the assessment. 

· The formaldehyde team is aware of the recent review/synthesis by Checkoway et al., (2012).  In addition to the NAS caution about utilizing summary analyses conducted by others, we believe there are some issues with the Checkoway et al. (2012) study.  

· Checkoway et al. (2012) concluded that there is no consistent or strong epidemiologic evidence that formaldehyde is causally related to any of the lymphohematopoietic malignancies.

· However, the summary results of several papers in the review article were incomplete or inaccurate.  Given these aberrations, it is difficult to evaluate the conclusions of a critical review and synthesis of the epidemiologic evidence which may have not included all of the available evidence.

· We are unaware of any primary peer-reviewed publications since 2009 describing original epidemiologic research on formaldehyde and the risks of the several LHP cancers.  



2) Consideration of the uncertainties related to the exposure data in the epidemiological studies and the resulting limitation in assessing causality.



· We expect to consider all aspects in the body of literature describing primary epidemiological studies, including consideration of the quality of their exposure assessments.

· Exposure assessment is a key consideration in the evaluation of epidemiologic associations.

· Exposure measurement error can lead to misclassification bias (a type of information bias).  This type of bias may have the following impact:

· Under- or over-estimation of effect estimates

· Distortion of exposure-response functions

· Wider confidence intervals around effect estimates (i.e. decrease in precision).

· Generally, random exposure misclassification results in a bias toward the null − an important tendency to consider when weighing a collection of epidemiologic studies.

· EPA will give more weight (when all other factors are similar) to those studies with more precise exposure estimates (minimizing exposure misclassification).



3)  Incorporation of recent findings regarding endogenous production of formaldehyde and the potential contribution of exogenous concentrations.



· EPA is in the process of better understanding the data and the underlying assumptions of the work by Dr. Swenberg, Dr. Starr and their colleagues.   The formaldehyde team plans to have additional discussions with Dr. Swenberg and Dr. Starr.  Following these steps, EPA will carefully evaluate their analyses and the impact of these findings on the formaldehyde assessment.

· Background:  Recent experiments were conducted in Dr. Swenberg’s laboratory using [13CD2]-formaldehyde coupled with mass spectrometry methods which allow distinguishing DNA adducts formed endogenously from those formed due to exogenous sources.  

· The studies were conducted using a single dose or multiple dose levels in rats and Rhesus monkeys.  The studies examined tissues from the point of contact (nasal) and from bone marrow, spleen, thymus, and white blood cells.  Exogenous adducts (with a monotonically increasing dose-response) were observed in only the nasal tissue whereas endogenous adducts were present in all tissues analyzed.  

· The authors used background rates of specific cancer incidence in the US population and the measured DNA adduct levels (as a marker of exposure) to estimate the human nasal, Hodgkins lymphoma and leukemia cancer lifetime risk that might arise from low-level formaldehyde exposures.  

· Extra risk estimates obtained with this bottom-up approach were then compared with those put forward by U.S. EPA in its draft assessment document using the NCI epidemiology data.  Swenberg et al (2011) concluded that EPA overestimated the extra risk.  The estimates of nasopharyngeal cancer risk were between 1.5 to 28-fold lower than EPA estimates at 1 ppm.  

· For Hodgkin’s lymphoma and leukemia, the Swenberg estimates were 81-fold to 250-fold and more than 19,000-fold lower, respectively, than the corresponding EPA estimates.   Their results are predicated on assuming the relevant relationship between inhaled formaldehyde and LHPs is explained by the relationships between inhaled formaldehyde and exogenous adducts in bone marrow cells.  

· The risk model used by Swenberg et al. (2011) was based on several approximations to extrapolate from the rat data to human continuous lifetime exposures, and assumed endogenous and exogenous adducts to be biochemically indistinguishable.  



4)  Thorough discussion and analysis of what is known about the behavior of formaldehyde in the body, including whether that behavior is consistent with an association with LHP cancers.



· We are revising the assessment to include all studies discussed in the NAS review as well as more recent publications (including those funded by ACC) on the behavior of formaldehyde in the body, including whether what is known about systemic distribution is consistent with the possibility that formaldehyde causes LHP cancers.




Stella – 


  


At the risk of wearing out my welcome, I’d like to see if Ken has any time over the next week or so to talk about formaldehyde?  


After trying to find a time when all/most of our folks were available, we decided a smaller meeting (just myself and my colleague 


Ann Mason) would be much easier to organize. 


  


We are scheduled to meet with David Bussard next Tuesday afternoon (Oct 23).  Would Ken have any time before or after our 


session with David? 


  


Thanks. 


  


  


Steve 


Steve Risotto 


steve_risotto@americanchemistry.com 


(202) 249-6727 (o) 


(571) 255-0381 (m) 
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3 Attachments 


 
David – 


  


My apologies that the attached letter has taken so long.  Hopefully it will clarify some of the issues around the “bottom-up” 


approach and help to tee up further discussion. 


  


Thanks again for arranging the Oct 23 meeting.  As indicated we will give you a call about setting up a follow-up meeting. 


  


Have a good weekend. 


  


  


Steve 


Steve Risotto 


steve_risotto@americanchemistry.com 


(202) 249-6727 (o) 
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Ken – 


  


I am remiss in not having thanked you for meeting with Ann Mason and I on October 23 to discuss the revision of the IRIS assessment 


for formaldehyde.  Ann and I appreciate your willingness to review the issues surrounding the assessment with us.  We hope that we 


can continue the dialogue at the appropriate time. 


  


Following our meeting, we had an animated and enlightening discussion with David and other members of your staff regarding a novel 


approach to assessing the cancer risks of formaldehyde.  We hope to schedule a follow-up meeting to explore this approach further. 


  


Thanks you again. 


  


  


Steve 


Steve Risotto 


steve_risotto@americanchemistry.com 


(202) 249-6727 (o) 


(571) 255-0381 (m) 
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Formaldehyde – ACC		Notes on meeting.   Oct 23, 2012    12:30 pm – 1:00 pm

Attendees:

	Ken Olden, Dir NCEA

	David Bussard, Dir, Wash Div, NCEA

	Steve Rissotto, American Chemistry Council

	Ann Mason, American Chemistry Counci.



ACC wanted to briefing discuss with Ken some points made by the NAS in their review of formaldehyde, and ACC’s views.



Overview:  First, ACC presented a figure from the NAS, Figure 1-2 from NAS, to shows formaldehyde as a product in exhaled breath at 1-2 ppb (they noted original research had said 5-8 ppb), and they had added an “EPA Proposed Risk Value” (which they did not explain, but presumably was either the RfC from the draft assessment or the concentration the draft predicted would result in a 1 in a million cancer risk for 70 yrs exposure).

D Bussard noted there had been methodological issues with the exhaled breath data.   Ann Mason said that ACC was aware of that, and felt the estimates of 1-2 ppb had been appropriately “adjusted” to account for those issues.

Leukemia/Lymphoma’s  ACC reported they did not think the animal evidence supported a conclusion that formaldehyde caused leukemias or lymphomas, and that it did support a conclusion that formaldehyde doesn’t get to “the stem cells.”

They noted the NCI data.   After that paper was published they have been looking at it.   They think it used “a unique” exposure measures of ‘peak exposure’.   ACC is trying to get more information on the details.

They noted the Zhao paper on chromosomal aberrations.   They are “digging into it”   They have obtained the raw data. They have shared w/  medical experts. “It appears the method used to grow the cells isn’t typical”.  They looked at how blood cell counts relate to Chinese population.  “Differences not different from general population.”  Zhao is an interesting pilot study, but can it support causal conclusion?   Their analysis is in manuscript form, but there are materials that were presented at SOT that could be shared with EPA. 

Zhao took measures of individual exposure at same time as blood requested by ACC.  Discovered a yr ago w/NCI (ACC filed a FOIA – Sept 2011 and has not gotten the data yet.)  Understand issues when an outside research has the data, but ACC also thinks NCI has the actual data.






NPC   2009 NCI study.   1 of 10 plants had elevated rates. “Might be due to confounding prior exposures.”  Did not include 1000 workers.

ACC is trying to get updated study results from NCI.  They understand NCI has a draft publication.   As one of the involved companies or sponsors, ACC (or one of its companies?) saw a draft in accordance with a prior agreement.   They cannot under the agreement discuss the results until the results are published, but they will say that ACC thinks the results are important and will show “a shift” (in something).   But, they can’t say more.

ACC is not sure what the delay is.   They know there was a draft back in August 2010.

D.R. Model – BBDR  D. Dormon was at CIIT when the modeling was done and on the NAS panel that reviewed FA.  NRC said to “consider” the BBDR modeling.

ACC thinks some of the issues raised by Crump and Subramanian “cannot be addressed,” but some other issues can be.   They would like a chance to discuss and jointly evaluate that with EPA.

I believe they said that Lew, Moler & Swenberg are looking at how to incorporate “the biology” [I thought they might be referring to the Swenberg data on labeled and unlabeled FA-DNA adducts – but I am not sure] into the BBDR modeling.  How to incorporate that into the BBDR model

Nasal flux data [unsure what this is referring to].  It is being written up now.   It is “the most recent biology data.”   ACC interested in working together with EPA.  Can the BBDR model “be fixed.”

ACC noted “there are also other chemicals with endogenous production.”

Bounding

But, “meanwhile,” ACC is writing up how to ‘bound’ the low-dose.  Swenberg & Starr. 2010 introduced idea.  ACC asked them to write more, specifically focused on FA.  That is in peer review now.  Maybe this is an issues ACC and EPA can work on.

Timing:  Bussard explained that EPA was perhaps several months from starting a revised assessment through review process.   They did not explicitly ask EPA to delay, but several times ACC noted it would be “unfortunate” if EPA’s assessment went forward without the benefit of new studies, such as the updated NCI data.   Ken Olden said “he was listening”; he did not make any statements of EPA intent.
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Bottom-Up Approach Features

		Upper bound on lifetime cancer risks without using high dose data from animal bioassays or epidemiology studies





		Suitable for chemicals present in the body as a result of normal endogenous processes, e.g., metabolism





		Conservative:



		Assumes linearity at low doses

		All background risk attributed to 

		     background, i.e., endogenous, exposure

		Upper 95% confidence bound risk estimates 			     derived for steady-state exogenous exposure

 

		Provides a completely independent “reality check” on 	extrapolations from high-dose data









Bottom-Up Approach Elements







N2-hydroxymethyl-dG Adducts in Monkeys Exposed Twice for 6 hrs to 2 ppm CH2O







Estimating Steady-State Exogenous Adducts

from Time Point-Specific Data

		Use a simple one compartment model with zero order 



		(constant) forcing and first order elimination with 

		elimination half-life  T1/2 =  T / ln(2)



		At the end of one 6 hour exposure:



	C6 = CS-S * (1 – exp(-6/T))

	

		After two 6 hour exposures on consecutive days:



	C30 = CS-S * {[1 – exp(-6/T)] * [1 + exp(-24/T)]}



		N2-hydroxymethyl-dG T1/2  =  63 hrs (Swenberg et al., 2012)



		updated from that reported in Swenberg et al., 2011









N2-Hydroxymethyl-dG Elimination Half-Data

One 6 hr exposure of rats to 10 ppm, Swenberg et al., 2012







One Compartment Model: Time Profile







Comparison of Bottom-Up and Top-Down 

Upper Bound Risk Estimates for Formaldehyde

NPC Riskb-u  = 3.42 x 10-4 x  (2.21 / 2) = 0.038 x 10-2 



LEU Riskb-u  < 0.85 x 10-3 x (0.00912 / 2) = 3.9 x 10-6 



   







Formaldehyde Summary



		NPC:  the bottom-up UCL95 risk estimate is 29.8-fold  



	lower than EPA’s top-down estimate of 1.1%



		LEU:  based on the limit for DNA adducts, 



	the bottom-up UCL95 risk estimate is 14,615-fold 

	lower than EPA’s top-down estimate of 5.7% 



		These large discrepancies, and a similar result for HL, 



	suggest that all of EPA’s estimates are overly conservative











Generalizing to Other Chemicals

		Methanol  (metabolized to formaldehyde)





		Acetaldehyde (N2-hydroxyethyl-dG adducts



		Vinyl Acetate (metabolized to acetaldehyde)





		Vinyl Chloride (metabolized to chloroethylene oxide, 



	producing 1 oxoethyl and 3 exocyclic etheno adducts) 



		Ethylene Oxide (4 hydroxy-ethyl adducts)

















N2-Hydroxymethyl-dG Adducts from 

Methanol via Oral Gavage







Lu et al., 2012







Endogenous and Exogenous 

DNA Adducts from Acetaldehyde







Endogenous DNA Damage

Studied in the Swenberg Lab







Advantages of the Bottom-Up Approach

		Uses background cancer risk in humans





		Uses background (endogenous) adduct concentrations 



		in humans, if available.  Otherwise, uses animal data 

		and reasonable equivalence assumptions



		Is conservative:



		Linear at low doses (consistent with additivity)

	All background risk attributed to endogenous adducts

	Provides an upper bound on low-dose slope



		Produces a completely independent “reality” check on 



		risk extrapolations from high-dose data







Some Criteria for Use in Risk Assessment

		Specific target sites in humans (epidemiology studies)





		Valid biomarkers of  target site exposure that are plausibly 



		correlated with cancer (not all DNA adducts are equal)



		High precision/accuracy measurements that can 



	distinguish between endogenous / exogenous 

	sources at very low exogenous exposure levels 



		Use conservative assumptions to fill data gaps



		Should be able to check on and supplement top-down approaches 
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Tissue Endogenous Adducts | Exogenous Adducts | Exogenous Adducts
at 30 s at 30 hus at Steady-State
Nasal Epithelium

Mean * se 249%0.23 0.250.020 221018

Lower 95% Bound 211
Bone Marrow

Mean £ se 1755131 <0.00103* <0.00912*

Lower 95% Bound 1534

: no exogenous adducts were detected in bone marrow: upper limit estimate based on the

detection limit reported in Moeller et al. (2011).
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Background Bottom-Up Bottom-Up USEPA
Cancer Risk. Py Slope. Py/Cr. | Riskat1ppm | Riskatlppm
NPC 725x10* 3.42x10% 0.038x 107 11x107
LEU 13x107 085x10° | <39x10° 57x107





TABLE 1

N-Hydroxymethyl-dG Adducts in Rats Exposed to 0, 500, or 2000 mg/kg Methanol for 5 Days

Dose Liver Lung Kidney Spleen Bone marrow Thymus WBC Brain
Control
Endogenous 435101 455193 43124 370134 299+056  255:037 332045 669291
Exogenous nd nd nd nd nd nd nd nd
500 mg/kg/day
Endogenous 566+052° 724195  848=150° 5851120 299:073  349x012° 3652043  795:237
Exogenous 0.08 =008 013004 0122004 019012 037+008  016=006 009 =003 nd
2000 mefkg/day . . . " .
Endogenous 8142037 1032187  7.86214" 489 =069 3342049 3732017 3922025 1038484
Exogenous 0412014 022£006 0392009 090 =026 1422029 0422003 019002 nd

Note. nd, nondetectable.

*Significantly different from control (p < 0.05).
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Endogenous DNA Lesions

Number per Cell

Abasic sites 50,000
OHEtG 3,000
7-(2-Oxoethyl)guanine 3,000
8-oxodG 2,400
Formaldehyde 1,000-4,000
Acetaldehyde 1,000-5,000
7-Methylguanine 1,200
AcrdG 120

M, dG 60
N2,3-Ethenoguanine 36
1N2-Etheno dG 30
1N®6-Etheno dA 12

Total

60,000 +








Formaldehyde calls   January 25, 2013



(1) Steve Risotto.  ACC.



Their companies would like to see something in writing that lays out the next steps on formaldehyde, even if we don’t yet have dates for them.



He understands from our discussions that we anticipate the next steps will be:

	- EPA releases a draft for public comment;

	- EPA holds some kind of public meeting to discuss the issues;

	- EPA then might revise the draft or provide supplemental materials;

	- EPA would then release a draft, potentially a revised draft, for peer review;

	- We anticipate that the SAB would conduct the peer review.



[Those steps sound accurate to me.   I think ACC at least is, however, thinking the public meeting on the draft would be much more like a workshop format, perhaps several days.]



I told Risotto that we were discussing schedules next week and perhaps could get him a written email.   



{One option would be an email quoting his understanding and confirming that he understood our next steps, but laying it out much as he did above.}



(2) Barbara Bankoff, consultant to an involved company (perhaps Georgia Pacific).



She wants to persuade us to hold a workshop on the range of formaldehyde issues prior to releasing an EPA draft assessment.   She would be fine with the full range of stakeholders being present and participating.   She is thinking we could set it up with panels, a moderator, and find a structure that makes it more interactive and potentially not so much EPA v all other views.   She thought it would be important for EPA to participate fully (not just a workshop at which we are listening without interacting).



Reasons she cited:

- she thinks it is harder for EPA to modify its position once it is all written up, gone through clearance, etc..

- that draft can be labeled “draft”, but it has “the EPA imprimataur” more than would slides or statements made at a meeting;

- it would foster “transparency”.

- it would show that Ken is serious about a more open process with full dialogue.

- could show to stakeholders that EPA is really “digesting” the science, old and new;

- the industry would like to see evidence we are using “a weight of evidence” approach; expect we’ll want to see what the NAS workshop on WoE comes up with; 



Re timing:

- more important to get it right, and show we are openly discussing issues, than to get a draft out sooner;

- seemed to think we could set up a meeting and have it occur within a few months from now;

- was willing to help plan it (although understood EPA would need to make decisions if it was an EPA meeting)

- might be the enviro’s would support taking extra time if they were participating and saw the value in it

- she assumes the NAS will look at a draft whenever one is available (even though they do not have a contract or charge to specifically look at formaldehyde); we might want to have NAS look at component issues regarding formaldehyde;

- there are new studies out, doesn’t that mean EPA has significant work to do before a draft is ready anyway?   Not sure what EPA’s cut-off is.



Other:

- ACC group is particularly focused on leukemia epidemiology, but cares about all the issues.









 


